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 要  旨 
本論文では, モンテカルロ木探索を用いた囲碁プログラムのデータ構造を考え, 学習手法やヒ
ューリスティックの有無がプログラムの強さにどのように影響するかを考察した.  
 モンテカルロ木探索は木探索部とシミュレーション部に分けられ, さらにシミュレーション部
は大きく 2 つに分けられる. 1 つは盤全体の着手確率のテーブルを保持して, その中からランダム
に着手を選ぶ非決定論的シミュレーションであり, もう 1 つは直前の着手に対応する良さそうな
手があったら, 即座にその手を選ぶ決定論的シミュレーションである. 決定論的シミュレーショ
ンを行うオープンソースソフトウェアに Pachi や Fuego などがあるが, それらと同等の棋力を持
つ非決定論的シミュレーションを行うオープンソースソフトウェアは存在しない. 
 本研究では, 非決定論的シミュレーションを用いる囲碁プログラムを設計し, Pachi や Fuego
よりも強い囲碁プログラムの開発を目指した. 
プログラムに利用している学習手法の妥当性や, ヒューリスティックの有効性を示し, 13 路盤
と 19 路盤では Pachi と Fuego よりも強いプログラムを開発できた. 
非決定論的シミュレーションを行うプログラムを作成し, オープンソースソフトウェアとす
ることで, 様々な手法の有効性を 2 つのシミュレーション手法の違いを含めて検証できるように
なった. 
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??????????????????????????????????????
?. ??????, ???????????????????????????????
????????.
???????????????????????, ??????, ????????
??????????????????????, ????????????????
?????????????????????????. ????????, 1997??
International Business Machines Corporation(IBM?)?????????????Deep
Blue???????????????Garry Kimovich Kasparov? 2? 1? 3????
????????? [1]. ???????, 2014??????????? FINAL [15]??
????????????????? 2? 3??????????, ?????????
??????? 10? 5? 1????????????????????, 2015????
??????2015???????????????????????????????
????????????????? [14].
???????, 2015??????? 3????????, ?????? 4?????
???Lim Jaebum????????????????DolBaram??????????
????????, ?????? 3???????? Remi Coulom?????????
??????? Crazy Stone??????? [16]. ???????, ?????????
?, ??????????????????????, ???????????????
????????????????.
??, ??????????????????????????, ?????????
??????????????????????????, ?????????????
????????. ???, 2006?? Computer Olympiad? 9????? Crazy Stone
????????, ????????????????.
??????????, ???????????, ????????????????
??????????????????, ?????????????????????
????. ???????????????????, ???????????????
?????????????????????, ??????????????????
????????. ????,???????????????????????????
????????, ???????????????????????????????
??????????. ?????????????????????????????
?, ?????????????UCB(Upper Condence Bound)?????UCT(Upper
Condence bound applied to Trees)?????????????? [2].
????????????????????????????????. ?????
?????????, ??? 2??????????. 1??????????????
??????, ???????????????????????????????, ?
? 1?????????????????????????????????????
??????????. ?????????????????????????????
?????????????????, ??????????????????????
1
?????, ???????????????, ???????????. ???????
????????????????????????????????? Zen?, ???
???????????????????????????Fuego [18]?Pachi [19]??
?, oakfoam [20]???. ????????????????????????????
??????????????Crazy Stone???????????Aya??????,
?????????????????????.
?????, ???????????????????????????????. ?
????????????????????????????????????????
?????, ??????????????????????????????, ????
????????????????.
??????????????. 2???????????????????????
?????????. 3?????????????Ray??????????????
????. 4?????????? Ray?????????????????????.
5????????????????????????????????????. ??
?, 6???????????????.
2
2 ????
2.1 ??????????
??????????????????????? 1993?Brugmann???????
? [3]. ????????????, ??????????????? 1???, ????
????????????????????????????????, ???????
????. ???????????, ???????????????????????
???????, ????????????. ??????????????, ????
???????????????????. ??????, ?????????????
?. ? 1?????????????, ? 2?? 1?????????????????
???.
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? 2: ?????????????
? 2????, ????????????????????????????????
?. ???????????????????, ??????????????????
?. ?????, ?? 6.5????, ?????????, ???????????. ??
?????????????????, ????????????.
????????????, ??????????????????????????
??????????????, 2???????????, ?????????????
???????.
2.2 ?????????
???????, ?????????????????minimax??? alpha-beta?
????????????. ???????????????????????????
?, ????????????????????????????????????.
???????????????????????.
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1. ????????????, ????????????.
2. ????????????????????, ????????????????
??????, 1???.
3. ?????????????????, ??????????????.
4. ?????????????????????????????????.
?????????????????. ??????????????????????
????????????????????. ?????????????, ?????
???????????????????????????????. ????????
????????, ??????????, ???????????????????. ?
????????????????Algorithm 1???.
Algorithm 1 ????????? MCTS
Require: ??????? s
Ensure: ????? r
1: if s 62 leaf then
2: s0  SelectChild(s) // SelectChild????? s??????????
3: r  MCTS(s0)
4: else
5: if s????????????? then
6: ExpandNode(s)
7: s0  SelectChild(s)
8: r  MCTS(s0)
9: else
10: r  Simulation(s) // Simulation????????????,?????????
11: end if
12: end if
13: Update(s, r) // Update????? s????? r????????
14: return r
2.3 UCT??????
?????????????, ????????????????????????.
???????????, 1???????????????????????????
0%???, ???????????????. ??, ????????????????
?, ??????????????????????, ??????????, ????
?????????????????????. ??????????????????
????, ???????????????????????????????????
4
??????. ?? 2?????????????, ?????????????UCB1
?????, ???????????????UCT(Upper Condence Bound applied for
Tree)?????? [2]???.
UCT???????? (1)??????UCB1?????????????????
????????? :
UCB(i) = xi +
r
2 log n
ni
. (1)
. ???, ???????
xi :??? i???
ni :??? i?????????
n :???????????????????
???. ? (1)?? 1????, ?????????????????????, ? 2??
???, ?????????????????????????. ?????, ?????
???????????????????????????????????????.
?????, ???????UCB1??????, ?????????????????
???????????? [2].
??, UCB1?????????????????, UCB1-TUNED? [11]???. ?
??
Vi(s) =
 
1
s
sX
=1
X2i;
!
  X2i;s +
r
2 log n
s
???,
UCB1-TUNED(i) = xi +
s
log n
ni
min

1
4
; Vi(ni)

??????????. ??????????????? :
Xi; :??? i?  ????????
Xi;s :??? i?????? .
2.4 Progressive Widening
Progressive Widening [4]???????????????, ???????????
???, ??????????????????????????. ?????????
??
t0 = 0;
tn+1 = tn + 40 1:4n
5
?????. ???? n??????????????????? tn 1???????
??????????.
2.5 ?
?????????????????????. ?????????????????
????????????????????????, ???????????????
???????. ? 3?????. ? 3?????, ? , ?????, ?????????
??????.


  

~
~
|

~
}


~
}
  

	
? 3: ????
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??????, ?????????, ???????????????????????
????????.
6
3 ????
3.1 Bradley-Terry???????Minorization-Maximization?
?????
????Remi Coulom????????Bradley-Terry???????Minorization-
Maximization?????? [4]?????.
3.1.1 Bradley-Terry???
Bradley-Terry????, ????????????, ???????????????.
???? i???????? i??, ????????? i????????. ????
i????? j??????
P (i? j???) = i
i + j
?????. ?????? 1? 1?????????, n???????????????,
P (i???) = iPn
k=1 k
?????????. ???, ??????????????????????????.
?????????, ????????????????????? ????????.
???, ????? 5???, ???????? 1; 2; 3; 4; 5?????????? 1?
???? 2??????????, ???? 2,????? 3, ???? 5????????
?????? 1, ???? 3, ???? 4, ???? 5???????????????.
P (1-2? 2-3-5? 1-3-4-5???) = 12
12 + 235 + 1345
(2)
??????. ??????????????????????????, ??????
??????? 2??????????????????.
3.1.2 Minorization-Maximization??????
???? i????????N ?????????????????, ?? j????
??????.
P (Rj) =
Aiji +Bij
Ciji +Dij
(3)
????????, ????
Rj :?? j???
i :???? j???
Aij; Bij; Cij; Dij : i?????????
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???. ???, ???? 1??????, ? (2)???????????:
R1 = 1-2? 2-3-5? 1-3-4-5???
P (R1) =
2  1
(2 + 345)  1 + 235 .
????
A11 = 2
B11 = 0
C11 = 2 + 345
D11 = 235
???. ??????????????A21 = 1, A31 = A41 = A51 = 0???, ????
i????Wi?
Wi = jfjjAij 6= 0gj
??????. ???.
L =
NY
j=1
P (Rj) (4)
???????. ? (3)?? (4)??, ???? i??????????
L =
NY
j=1
Aiji +Bij
Ciji +Dij
(5)
????????, ? (5)? i?????????????. ? (5)???????.
logL(i) =
NX
j=1
log(Aiji +Bij) 
NX
j=1
log(Ciji +Dij) (6)
?????. ???
Aij 6= 0; Bij = 0()???? i??? j??????????????
Aij = 0; Bij 6= 0()???? i??? j??????????????
?????, ? (6)?? (7)??????:
logL(i) =
NX
j=1;Bij=0
flog(Aij) + log(i)g+
NX
j=1;Aij=0
log(Bij) 
NX
j=1
log(Ciji +Dij) . (7)
? (7)? i????????????????, ???????????????
f(x) = Wi log x 
NX
j=1
log(Cijx+Dij) (8)
8
???. ???,a; b?????,
g(x) =   log(ax+ b) (9)
????, x = i????? 9????.
y =   a
ai + b
(x  i)  log(ai + b) (10)
????. ? (10)?? (9)????????,
g(x)    a
ai + b
(x  i)  log(ai + b)
????. ?????, ? (8)?? 2??? (10)?????, x????????????,
m(x) = Wi log x 
NX
j=1
Cijx
Ciji +Dij
?????. m(x)?????m0(x) = 0?????????????????, Ej =
Ciji +Dij????,
x =
WiPN
j=1
Cij
Ej
??m(x)?????? x??????. ???, Minorization-Maximization?????
??,
i  WiPN
j=1
Cij
Ej
??????????? i?????????. ????????
Cij :?? j????? i??????????????
Ej :?? j??????????????
???.
3.1.3 ??????
????????????????????, ??????????????????
?????Minorization-Maximization????????????. Bradley-Terry???
???????????????????????????, ????????? 1??
?????????????????.
9
3.2 Latent Factor Ranking??????
Latent Factor Ranking(LFR)?????? [7]? 2???????????????
??????????????????. 2???????????????????,
?? O(m2)?????????, ????????????????????????
?, ??????????????????????????, ???????????
???????????????????????????????????????
??, ?????????. 2???????????????, ???????????
????????????????, ?????????????????Factorization
Machines [8]???. LFR??????? Factorization Machines?????????,
??????????.
LFR????????????????????? (11)???:
y^(x) := w0 +
mX
i=1
wixi +
mX
i=1
mX
j=i+1
vTi vjxixj . (11)
???, ???????
x 2 f0; 1gm :????????????
w0 :?????
wi :?? i???
vi :?? i????????? (k??)
m :?????
???. k??????????????, k  m???. m????????, 2???
??????????????m2?????????????????, ??????
?? vi, vj??????????????, ???????????? km??????
??. ?????????????????,
y(x) :=
(
1 (??????????? x?????)
0 (otherwise)
????. ???????, LFR????????????.
1
2
X
Dj2D
X
xi2Dj

y^(xi)  y(xi)
	2
+
w
2
mX
i=1
w2i +
v
2
mX
i=1
jjvijj2 (12)
????. ???????
D :?????????????
Dj :????????? i???????????????????
xi :???????? i??????? j?????????
w :?????????????????
v :???????????????????????
10
???. ? (12)???????????????????????? wi, vi?????
??. ????Di?????????, ? (11)?wi??????????,
@y^(x)
@wi
=
(
1 (xi = 1)
0 (otherwise)
?????. ???, ? (11)? vi?? f ????? vi;f ??????????.
@y^(x)
@vi;f
=
(Pm
j=1;j 6=i vj;fxj (xi = 1)
0 (otherwise)
?????. w0?????, ????????????
@y^(x)
@w0
= 1
???.
??????????,???????????. ??w0, wi? 0?????, vi???
0, ?? 0.01???????????????????. LFR???????Algorithm 2
???.
, w, v ???????????????, [7]?? k = 5???,  = 0:001, w =
0:001, v = 0:002????????. ???????????? \?????"????
3????????????????????????????.
3.3 ???????????????????????
UCT????????, UCB1????????????????????. UCB1
?????????, ?????????, ?????????? 3?????????
??, ?????????????????, Minorization-Maximization???????
Latent Factor Ranking???????????????? Progressive Widening???
????????????????, UCB1??????????. ?????????
?????????????????????????????, ??????????
??????????????????????????????. Chaslot? [9]??
????????????????????UCB?????????????????
?????????????????, ??? [10]?UCB?????????????
BT???????Minorization-Maximization??????????????????
???????????????????????????????. UCB1?????
????????????????? 13???:
UCB1(i) = xi + C
r
2 log n
ni
+ CH
r
K
n+K
H(i) . (13)
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Algorithm 2 Latent Factor Ranking ??????
Require: ???????? D
Ensure: ???????????? w0
Ensure: ???????????? w = (w1; :::; wm)
Ensure: ??????????? V = (v1; :::;vm)
1: InitializeParameter(w0, w, V ) // ??????????????
2: while ????? do
3: for all Dj 2 D do
4: x GetProMove(Di) // ??Dj????????????????????
5: for all x 2 Dj do
6: if y^(x)  y^(x) then
7: y  y^(x)  y(x)
8: w0  w0   y
9: for all xi 2 x do
10: if xi = 1 then
11: wi  wi   (y + wwi)
12: for f = 1 to k do
13: vi;f  vi;f   

y @
@vi;f
y^(x) + vvi;f

14: end for
15: end if
16: end for
17: end if
18: end for
19: end for
20: end while
12
???, ??????????????? :
xi :?? i???
n :????????
ni :?? i?????
C : UCB1????????
CH :???????????????
K :????????????????????
H(i) :?? i?????? .
????????????????????, ???????????????????
????. UCB1????????????, ???????, ???????????
??????, ???????????????????????, ?????????
???????. ???, ????????????????, ???????????
?????????, ????????????????????????.
3.4 Ownership?Criticality
Ownership [4], Criticality [5]??????????????????????????
???.
Ownership??????????????????????????????????
?, ? (14)?????????.
Ownership(c; x) =
t(c; x)
N
(14)
c :?
x :??
t(c; x) :?? x?? c?????????
N :????????
? c?????????, Ownership????????, ???????????????
?????????, Ownership????????, ?????????????????
?????????????????. ????Ownership??? 0, ??? 1????
????????????????????, 0:5?????????????????
???????????????. ???, Ownership??? 0:5??????????
???????????.
Criticality??????????????????????????????????
????????, ? (15)????? :
Criticality(x) =
v(x)
N
 

w(x)
N
 W
N
+
b(x)
N
 B
N

. (15)
13
???,
x :??
N :????????
B :?????????????
W :?????????????
v(x) :???????????? x????????????????
b(x) :?? x????????????????
w(x) :?? x????????????????
???. Criticality?Ownership?????????????????????????
?. Criticality????????, ??????, Criticality????????, ????
??????.
14
4 ???????Ray
??????????????Ray????????. Ray???????????.
 Latent Factor Ranking????????????????????????
 Minorization Maximization?????????????????????????
???
 UCB??????????????????????????????
 Ownership?Criticality????????????
 Progressive Widening?????????
4.1 ????????????UCB?
???????Ray??, ????????????UCB??
uRay(i) = UCB1-TUNED(i) + CH
r
K
n+K
H(i)
??, ???????????
CH = 0:35
K = 1000
??, H(i)? Latent Factor Ranking???????????????????????
???????. UCB-TUNED1????????, Ray????? 1, ??? 0????
???,
Vi(s) =
 
1
s
sX
=1
X2i;
!
  X2i;s +
r
2 log n
s
?? 1??????,?
X2i; =
(
1 (Xi; = 1???)
0 (Xi; = 1???)
?????, ??? i??????????, ? 2???????????? 2?????
?, ??? i???? 2???????. ???, Vi(s)??????????? :
Vi(s) = xi   x2i +
r
2 log n
s
.
15
4.2 Ownership?Criticality
??????? Ray??, ????????? 128?????????, Ownership,
Criticality, Latent Factor Ranking?????????????? 3?????????
???????????.
Ownership? 0?? 1????????, ? 4?????? 11????????, ??
????????????????. Criticality?Onwership????, ? 5?????
? 7????????, ??????????????.
? 4: Ownership???????? (?? : ???, ?? : Ownership??)
??? i?Ownership, Criticality, ?????????????
score(i) = H(i) + So(Ownership(c; pi)) + Sc(Criticality(pi))
????. ???, ???????
pi :??? i??????
c :???????
H(i) : Latent Factor Ranking??????????????
So :? 4?????????Ownership??????
Sc :? 5?????????Criticality??????
???. ??Ownership?Criticality???????????????????????
??.
16
? 5: Criticality???????? (?? : ???, ?? : Criticality??)
4.3 ????????????
???????Ray??, ??????????????????????????.
struct game f
int board[BOARD MAX] : ???????????????
int moves : ?????????????
struct string data strings : ???????????????????
g
board?????????????????????, ???? f??, ?, ? g???
???????????. ???, ? 6????????????. ?????? (x; y)?
2?????????, ????? 7????, ???? 1????????????, 1
??????????.
17
 

 
 
 
 
 
 

 
 
 	
? 6: ?????
1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20
21 22 23 24 25
? 7: ??????
?? = 0, ? = 1, ? = 2???, ? 6?????? board?????????????
8???.
0 0 1 0 0
0 1 2 2 0
1 0 1 2 0
0 0 1 2 0
0 0 2 0 0
? 8: board??????
????????????, ?? x???????????, board[x]???????
???, ?????, ???????, ??????????????????.
4.3.1 ???????
???????????, ??????????????????????????
???????????. ???????Ray??, ????????????????.
struct string data f
struct string string[STRING MAX] : ??????????????????
?
int string id[BOARD MAX] : ?????? ID
int string next[BOARD MAX] : ???????????
g
?????? 2????????????????, string id? string next?????
??????. ?????????????????????????? string????
???. ???? 6??????, string id? string next??????????????
????.
18
???? string next?? 9????????, ??????????????????
???????. ???? x?, ???????????, ???????, ??????
??????????????.
0 0 x 0 0
0 x 9 14 0
x 0 18 19 0
0 0 x x 0
0 0 x 0 0
? 9: ????????? (string next)
???????????????, ?????????????, ?????????
???, ??????????????????????. ???, ?? 8??????
?????????????????,
string next[8] = 9
string next[9] = 14
string next[14] = 19
string next[19] = x
??????????, ?????????????, 8, 9, 14, 19?????????.
???????? 10???? ID?????????????, ??????????
? ID?? 11??????. ?? ID? 0?????????, ?????????, ??
ID??????????????????.











	
? 10: ?? ID
0 0 5 0 0
0 3 2 2 0
4 0 1 2 0
0 0 1 2 0
0 0 6 0 0
? 11: ????? ID(string id)
????????????, ?????????????, ????? string id???
????? ID??????????, ???????????????. ???, ?? 22
?????????? ID? 6???, ???????? 1??, ?????? 2????
???????????????, ??????????? 1????????????
????????.
?????????????????????????.
19
struct string f
int origin : ????
int size : ??????????
int color : ?????????
int liberty num : ??????????
int liberty pos : ??????????
int neighbor num : ?????????
int neighbor id : ??????? ID
g
? ? 10?? ID? 2????????
??????????????????????.
1. ???? : 8
2. ?????????? : 4?
3. ????????? : ?
4. ?????????? : 5?
5. ?????????? : 4, 10, 15, 20, 24
6. ?????????? : 3
7. ???????? ID : 1, 3, 5
?????????????????? ID? string next??????????????
??????????. ? ID2?????????????? 1??????. ??? x
???????????????.
? 1: ??????
index 0 1 2 3 4 5 6 7 8 9 10 11 12
- 4 0 0 0 10 0 0 0 0 0 15 0 0
index 13 14 15 16 17 18 19 20 21 22 23 24 25
- 0 0 20 0 0 0 0 24 0 0 0 x 0
???????????????, index = 0???????????, string next??
??, ???????????????????. ??????? x?????????
20
???????????,
liberty pos[x] ! = 0() x???????
liberty pos[x] == 0() x????????
????????, ????????.
??????? ID?? 2??????. ???? x???????? ID??????
?????.
? 2: ??????? ID
id 0 1 2 3 4 5 6 : : :
- 1 3 0 5 0 x 0 : : :
???????????????? index = 0???????????, ??????
???? ID?????????, ID? x?????? s??????????????
??,
neighbor id[x] ! = 0()?????????
neighbor id[x] == 0()??????????
????????, ????????.
4.3.2 ??????
??????????, ????????????????? 4???????. ??
?????????????, ??????????????????????????
??????????????. ??????? Ray???????????????
Algorithm 3???.
??????????, ??????????, ??????? ID? 3???????
??????????????????. ?????????????????, ??, ?
?, ??????????Algorithm 4?? 7???.
????????????, RemoveLiberty??, RemoveString??, MakeNewString
??, AddStone??, MergeStrings????????.
21
Algorithm 3 ??????
Require: ??????????????? board
Require: ???? strings
Require: ????? ID string id
Require: ?????? pos
Require: ????? play color
1: neighbors  GetNeighbors(pos) // GetNeighbors??? pos??????????
????
2: opponent color  FlipColor(play color) // FlipColor??? play color??????
??????
3: S  
4: for all neighbor 2 neighbors do
5: if neighbor????????? then
6: i string id[neighbor]
7: RemoveLiberty(strings[i], pos) // RemoveLiberty??? string[i]???????
?? pos???????
8: if board[neighbor] = play color then
9: S  S [ fig
10: else if board[neighbor] = opponent color then
11: l strings[i].liberty num
12: if l = 0 then
13: RemoveString(strings, i) // RemoveString??? strings[i]???????
????
14: end if
15: end if
16: end if
17: end for
18: if j S j= 0 then
19: MakeNewString(strings, pos, player color) // MakeNewString????? pos??
??????? player color?????????
20: else if j S j= 1 then
21: AddStone(strings, S, pos) // AddStone????? pos??????
22: else if j S j 2 then
23: MergeStrings(strings, S, pos) // MergeStrings??? 2?????? pos????
????
24: end if
22
Algorithm 4 ???????? : InsertListArrayElement??
Require: ????????? list array
Require: ???????????????? origin
Require: ??????? insert data
Require: ????????????? size
1: if list array[insert data] 6= 0 then
2: return
3: end if
4: i origin
5: while list array[i] < insert data do
6: i list array[i]
7: end while
8: list array[insert data] list array[i]
9: list array[i] insert data
10: size size + 1
Algorithm 5 ???????? : DeleteListArrayElement??
Require: ????????? list array
Require: ???????????????? origin
Require: ??????? delete data
Require: ????????????? size
1: if list array[delete data] = 0 then
2: return
3: end if
4: i origin
5: while list array[i] 6= delete data do
6: i list array[i]
7: end while
8: n list array[i]
9: list array[i] n
10: list array[delete data] 0
11: size size  1
23
Algorithm 6 ???????? : MergeListArray??
Require: ????????????? dst
Require: ????????????? src
Require: ???????????????????? dst origin
Require: ???????????????????? src origin
Require: ????????????????? dst size
Require: ?????????? end
1: s src origin
2: d dst origin
3: n 0
4: while s 6= end do
5: if dst[s] = 0 then
6: while dst[d] < s ^ dst[d] 6= end do
7: d dst[d]
8: end while
9: dst[s] dst[d]
10: dst[d] s
11: n n+ 1
12: end if
13: s src[s]
14: end while
15: dst size dst size + n
Algorithm 7 ?????????? : IsListArrayExist
Require: ????????? list array
Require: ??????? delete data
Ensure: ???????????? ag
1: if list array[delete data] 6= 0 then
2: ag exist
3: else
4: ag not exist
5: end if
6: return ag
Algorithm 8 RemoveLiberty??
Require: ????????? string
Require: ?????????? pos
1: DeleteListArrayElement(string.liberty pos, 0, string.liberty num)
24
Algorithm 9 RemoveString??
Require: ???? strings
Require: ?? ID??? string id
Require: ??????? string next
Require: ?????? ID id
1: p strings[id].origin
2: while p 6= string end do
3: neighbors GetNeighbors(p)
4: for all neighbor 2 neighbors do
5: i string id[neighbor]
6: if strings[i].ag 6= 0 then
7: InsertListArrayElement(string[i].liberty, 0, p, string[i].liberty num)
8: end if
9: end for
10: n string next[p]
11: string id[p] 0
12: string next[p] 0
13: p n
14: end while
15: i strings[id].neighbor id[0]
16: while i 6= neighbor end do
17: DeleteListArrayElement(strings[i].neighbor id, id, strings[i].neighbor num)
18: i string[id].neighbor id[i]
19: end while
25
Algorithm 10 MakeNewString??
Require: ???? strings
Require: ?????????? pos
Require: ????????? color
Require: ?? ID??? string id
Require: ??????? string next
1: i 1
2: while strings[i].ag = true do
3: i i+ 1
4: end while
5: strings[i].libery[0] liberty end
6: strings[i].neighbor[0] neighbor end
7: strings[i].liberty num 0
8: strings[i].neighbor num 0
9: strings[i].color color
10: strings[i].origin pos
11: strings[i].size 1
12: strings[i].ag true
13: string id[pos] i
14: string next[pos] string end
15: neighbors GetNeighbors(p)
16: for all neighbor 2 neighbors do
17: if board[neighbor]??? then
18: InsertListArrayElement(strings[i].liberty, 0, neighbor, strings[i].liberty num)
19: else if board[neighbor]???? then
20: j  string id[neighbor]
21: InsertListArrayElement(strings[i].neighbor, 0, j, strings[i].neighbor num)
22: InsertListArrayElement(strings[j].neighbor, 0, i, strings[j].neighbor num)
23: end if
24: end for
26
Algorithm 11 AddStone??
Require: ???? strings
Require: ???????? ID id
Require: ?????????? pos
Require: ????????? color
Require: ?? ID??? string id
Require: ??????? string next
1: if strings[id].origin > pos then
2: string next[pos] strings[id].origin
3: strings[id].origin pos
4: else
5: InsertListArrayElement(string next, strings[id].origin, pos, strings[id].size)
6: end if
7: neighbors GetNeighbors(p)
8: for all neighbor 2 neighbors do
9: if board[neighbor]??? then
10: InsertListArrayElement(strings[i].liberty, 0, neighbor, strings[i].liberty num)
11: else if board[neighbor]???? then
12: j  string id[neighbor]
13: InsertListArrayElement(strings[i].neighbor, 0, j, strings[i].neighbor num)
14: InsertListArrayElement(strings[j].neighbor, 0, i, strings[j].neighbor num)
15: end if
16: end for
27
Algorithm 12 MergeStrings??
Require: ???? strings
Require: ??????? ID??? ids
Require: ?????????? pos
Require: ????????? color
Require: ?? ID??? string id
Require: ??????? string next
1: id ids[1]
2: for i = 2 to jidsj do
3: MergeListArray(strings[id].liberty, strings[i].liberty, 0, 0, strings[id].liberty num,
liberty end) // ??????
4: if strings[id].origin > strings[i].origin then
5: string next[strings[i].origin] strings[id].origin
6: strings[id].origin strings[i].origin
7: end if
8: s strings[id].origin
9: o strings[i].origin
10: MergeListArray(string next, string next, s, o, strings[id].size, string end) // ??
??
11: MergeListArray(strings[id].neighbor, strings[i].neighbor, 0, 0,
strings[id].neighbor num, neighbor end) // ??????? ID???
12: n strings[i].neighbor[0]
13: while n 6= neighbor end do
14: DeleteListArrayElement(strings[n].neighbor, 0, i, strings[n].neighbor num)
15: n strings[i].neighbor[n]
16: end while
17: end for
28
4.4 ????????????
Ray???????, ?????????????????????.
struct node f
int move count : ????????
int width : Progressive Widening?????????????????
int child num : ???????
struct child child[CHILD MAX] : ???????
g
?????????????????????.
struct child f
int pos : ??????
int move count : ????
int win : ????????
struct node *ptr : ???????????????
double score : ??????
bool flag : Progressive Widening??????????
g
????????????? node[x]???????? i?UCB???????. UCB
????????????SelectMaxUcbChild??????????Algorithm13???.
??????????????????????????, ????????????
?, ????????????. ???, ? 12????????, ??????????
?? 13??? 16? 4????. ?????????????????????????
?, ??????????????????????, ???????????.
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Algorithm 13 SelectMaxUcbChild??
Require: ??????? node
Ensure: UCB??????????????? n
1: n 0
2: r   1
3: for i = 1 to node.child num do
4: if node.child[i].ag == true then
5: w  node.child[i].win
node.child[i].move count
6: v  w   w2 +
r
2log(node.move count)
node.child[i].move count
7: u w +
r
log(node.move count)
node.child[i].move count
min(1
4
; v)
8: s u+ CH  node.child[i].score
9: if s > r then
10: n i
11: r  s
12: end if
13: end if
14: end for
15: return n
30
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? 16: ??? 4
???????????????????? Zobrist Hash[6]????, ??????
?????????. ???????????????????Algorithm14???. ?
??? random bit???????????????????????????????
??, board???????????????????????. ??????????
???????, ????????????????????????????. ???
???????????????????????, ????????????????
???????????, ????????, ???????????????????
??????.
Algorithm 14 ???????????
Require: ????????? board
Require: ??????????????? random bit
Ensure: ???????? hash
1: hash 0
2: for all b 2 board do
3: c GetColor(b) // GetColor???????????
4: p GetPosition(b) // GetPosition??????????
5: hash hash random bit[p][c]
6: end for
7: return hash
????????????????????????, ??????????????
??????????. ??????????? 2???. 1?????????, 2??
???????????.
????????????????. ????????????, ?????????
????????, ??????????????, ??????????????, ??
????????????????. ???, ? 17?????, ? 18? 5??????
?, ?????????????????? , ? 19? 5???????, ???????
???????????. ????????????????, ???????????
??, ??????????????, ??????????????????????
?????????. ???????????, ??????????????????
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?, ??????????????????????????. ????????, ??
?????????????????, ??????????????????????
??????????.
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? 19: ????
?????????????????. ? 20???????, ???????????
???. ? 21??? 24? 4??????????????, ???? 20?????. ?
????????????????????, ? 23?????? 24?????????,
? 20?????????????????. ???????, ???????????
??????????????????????, ????????????. ????
???????, ??????????????????, ?????????????
??????????????. ????????????, ? 24?? 20?? 4???
??????????, ????????????????, ???????????.
???, ????????????????????????.
struct hash table f
unsigned long long int hash : ????????
32
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int color : ???????????
int moves : ????????????
int index : ?????????????
g
4.5 ??????????
??????????? Ray???????????????????????. ?
??????Ray???????????????????????????????.
???????????????????????????, ????????????
?????????????????????, ??????????????????
?????? 1??????????????????, ??????????????
???????????????.
4.5.1 ??????????
?????????????????????????????.
 ??????????
 2??????????
 ?????
 ??????????
 ?????
????????? 16?????.
d(dx; dy) = jdxj+ jdyj+max(jdxj; jdyj) (16)
dx : x?????
dy : y?????
???????? 25???. ???????? x???????????. ??????
????? d = 0; 2; 3; :::; 14; 15??? 15????.
???????????? 3???. ??????????????????????
?????????. ?????????? 3??, 55????.
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? 25: ??????
? 3: ??????????
A B C D E F G H J K L M N O P Q R S T
19 1 2 4 7 11 16 22 29 37 46 37 29 22 16 11 7 4 2 1
18 2 3 5 8 12 17 23 30 38 47 38 30 23 17 12 8 5 3 2
17 4 5 6 9 13 18 24 31 39 48 39 31 24 18 13 9 6 5 4
16 7 8 9 10 14 19 25 32 40 49 40 32 25 19 14 10 9 8 7
15 11 12 13 14 15 20 26 33 41 50 41 33 26 20 15 14 13 12 11
14 16 17 18 19 20 21 27 34 42 51 42 34 27 21 20 19 18 17 16
13 22 23 24 25 26 27 28 35 43 52 43 35 28 27 26 25 24 23 22
12 29 30 31 32 33 34 35 36 44 53 44 36 35 34 33 32 31 30 29
11 37 38 39 40 41 42 43 44 45 54 45 44 43 42 41 40 39 38 37
10 46 47 48 49 50 51 52 53 54 55 54 53 52 51 50 49 48 47 46
9 37 38 39 40 41 42 43 44 45 54 45 44 43 42 41 40 39 38 37
8 29 30 31 32 33 34 35 36 44 53 44 36 35 34 33 32 31 30 29
7 22 23 24 25 26 27 28 35 43 52 43 35 28 27 26 25 24 23 22
6 16 17 18 19 20 21 27 34 42 51 42 34 27 21 20 19 18 17 16
5 11 12 13 14 15 20 26 33 41 50 41 33 26 20 15 14 13 12 11
4 7 8 9 10 14 19 25 32 40 49 40 32 25 19 14 10 9 8 7
3 4 5 6 9 13 18 24 31 39 48 39 31 24 18 13 9 6 5 4
2 2 3 5 8 12 17 23 30 38 47 38 30 23 17 12 8 5 3 2
1 1 2 4 7 11 16 22 29 37 46 37 29 22 16 11 7 4 2 1
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? 29: MD4????
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? 30: MD5????
??????????? 3x3? 8????????, ? 17?????????????
? 2?? 5??????? 5???????????????, ????? 26??? 5?
??. MDn????????? n????????.
md(dx; dy) = jdxj+ jdyj (17)
???????????????, ????????????????????, ???
???????????????????????????????. ????????
?????? 2???????.
1. ???????????
1??????????, ??????? f??, ??, ??, ?? g? 4????,
????? f00, 01, 10, 11g? 2??????????????. ?????, ??
???????????? 3x3? 8??, MD2? 12??, MD3? 24??, MD4?
40??, MD5? 60?????, 3x3? 16???, MD2? 24???, MD3? 48??
?, MD4? 80???, MD5? 120?????????. ???????????
?????????????????, ????? 1? 1???????????
???????????, ???????? l????, ????????????
???????????? 2l????????, ???????????????
????????????, ????????????????????????
?. ????, ???????Ray??????? 3x3?????MD2?????
???????. ???, ? 31?? 1??????.
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1
2


4
x
5

6


? 31: 3x3??????
? 4: ?????????
8 7 6 5 4 3 2 1
???? 10 01 00 00 00 01 00 00
? 5: ????????
?? ????? 10???
?? 00 0
?? 01 1
?? 10 2
?? 11 3
2. ????????????
????? Zobrist Hash [6]????????. ?????????????, ?
??????????????????????. ???, ? 31? 3x3?????
Zobrist Hash??????, ???????????????????
unsigned int random bit[8][4]
????
hash = random bit[? 1][0] ^ random bit[? 2][0]
^ random bit[? 3][1] ^ random bit[? 4][0]
^ random bit[? 5][0] ^ random bit[? 6][0]
^ random bit[? 7][1] ^ random bit[? 8][2]
?????. ??????????????????, ????????????
???????????, ?????????????????????????
???????????????????. ??????? Ray??MD3???
?, MD4????, MD5????????, ???????????.
?????????????????.
1. ?????????? 1????????????????????
?????????, ?????????, ??????????????????
??? 10???????????.
(a) ???? 1???????????? 1???????
(b) ???? 1???????????? 2???????
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(c) ???? 1???????????? 3?????????
(d) ???? 2???????????? 1???????
(e) ???? 2???????????? 2???????
(f) ???? 2???????????? 3?????????
(g) ???? 3?????????????? 1???????
(h) ???? 3?????????????? 2???????
(i) ???? 3?????????????? 3?????????
(j) ???????????????????, ?????????
2. ?????????? 2????????????????????
?????????,???????????????? 4???????????.
(a) ???? 2?????????????? 2?????????
(b) ???? 2?????????????? 3?????????
(c) ???? 3?????????????? 2?????????
(d) ???? 3?????????????? 3?????????
3. ?????????? 3????????????????????
?????????,???????????????? 4???????????.
(a) ???? 2?????????????? 2?????????
(b) ???? 2?????????????? 3?????????
(c) ???? 3?????????????? 2?????????
(d) ???? 3?????????????? 3?????????
4. ??????????????
5. ???? 1?????????????????
6. ?????????
? 32?? 2?????????? 33?????, ????????? 1?, ???
?????? 2?, ????????? 3?????????, ? a? 1? 2??, ?
b? 2??, ? c? 3??, ? d? 4??, ? e? 5??, ? f? 6?????????
??.
7. ??????
????????? 3??????????.
(a) ?????? 2?????????
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? 33: ? 32?? 2??????
(b) ???????????????????
(c) ?????????
a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d
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? 34: ???????
? 34?? a, b, c???????? 2??????????, ? d????????
??????????????, ? e?????????????????.
8. ?????????? 1??????????????????????????
????????????????? 4???????????.
(a) ?????????????????????
(b) ???? 1???????????
(c) ???? 2???????????
(d) ???? 3???????????
9. ?????????? 2??????????????????????????
??????, ????????, ????? 1????????????????
??.
(a) ???? 2?????????????? 2?????????????
(b) ???? 2?????????????? 3?????????????
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(c) ???? 3?????????????? 2?????????????
(d) ???? 3?????????????? 3?????????????
?? 4??????, ??????? 1???????????? 8??????
?????. ???, ? 35?? 1???????, ????????? 2?????
???????, ?????????? 2?, ?????????? 2????, ?
a?? b? (a)???????. ???, ? a????????????? b???
?? 1????????, ? b????????? 1?????????????,
? a? 1????????, ? b?????????????????.


a
 
 
~ 

 
~b
 
 
|

 
|
  


	
? 35: ?????
10. ?????????? 3??????????????????????????
??????, ????????, ????? 1???????????????.
(a) ???? 2?????????????? 2?????????????
(b) ???? 2?????????????? 3?????????????
(c) ???? 3?????????????? 2?????????????
(d) ???? 3?????????????? 3?????????????
?? 4??????, ??????? 1???????????? 8???????
????.
11. ?????
12. ??????
13. 1????????????
14. ???????????
15. ?????????? 2??????????????????????????,
????????????????????? 3??????????.
(a) ?????????, ????????????????.
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(b) ?????????, ???????????? 1??????.
(c) ?????????, ???????????? 2??????.
16. ?????????? 3?????????????????? 3???????
???????????????????????????? 4????????
??.
(a) ???? 2?????????????? 2?????????????
(b) ???? 2?????????????? 3?????????????
(c) ???? 3?????????????? 2?????????????
(d) ???? 3?????????????? 3?????????????
17. ?????????? 3??????????????????????????,
????????????????????? 3??????????.
(a) ?????????, ????????????????.
(b) ?????????, ???????????? 1??????.
(c) ?????????, ???????????? 2??????.
18. 2?????????????????
? 36??????????? , ? 37?????????, ???????????
????, ?? 2??????????. ???????????????????
????.
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? 37: ???????????
19. ????????
? 38??????????? , ? 39?? x????????.
4.5.2 ???????????????
?????????? 1???????????????????????. ????
???????????????????????????????.
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? 39: ?????? 2?????
1. ???????? (???????????)
2. ??????????????????
3. ????????????????
??????????????????????.
 ?????????
 MD2????
 ?????
??????????????????????, ?????????????????
?????, MD3????????????, MD2???????????????.
?????????? d = 2; 3; 4?????????. ???? 40??????, MD2
????????????????????????. ???????????????
?????????? d = 0??????????.
?????????????????.
1. ?????????? 1????????????????????
??????? 10???????????.
2. ?????????? 2????????????????????
??????? 2???? 3????? 2??????????.
3. ?????????? 3????????????????????
??????? 2???? 3????? 2??????????.
4. ??????????????
?????????.
5. ?????????
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? 40: ?????MD2???????
6. ?????
??????? 3???????????.
7. ?????????? 1?????????????????
????????? 1?, 2?, 3???? 3??????????.
8. ?????????? 2????????????????????????
???????? 2???? 3????? 2??????????.
9. ?????????? 3????????????????????????
???????? 2???? 3????? 2??????????.
10. ???????????
11. ?????????? 2?????????????????
12. ?????????? 3?????????????????? 3???????
?????
???????? 2???? 3????? 2??????????.
13. ?????????? 3?????????????????
14. 2?????????????????
??????????.
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5 ??
???????Ray?????????????????????, ????????.
???????, ???????????????, KGS?????????, ????
???????. ?????????, ?????????? Latent Factor Ranking?
????????, 70000?????????????, ???????????????
Minorization Maximization?????????, 10000?????????????.
????, ????????????????????????????????B?
???????????????????.
5.1 ?????
??????????????.
 OS : Cent OS 6.5
 CPU : Intel Xeon E5-2687W v2 2?
 Memory : 64GB
5.2 ????1
???????????????, Latent Factor Ranking???????Minoriza-
tion Maxmization?????????????????????????. Latent Factor
Ranking??????? 10000????????????Ray?Minorization Maximiza-
tion??????? 10000????????????Ray??????.
5.2.1 ?????
1????????????????????????. ?????????????
?KGS?????? 10000????, MD2, MD3, MD4, MD5?????????? 10
??????????????.
 ?????
 9??, 13??, 19??
 ?? 6.5?
 ?????????? 1000?
 ??????????, 1? 1000PO, 1? 2000PO, 1? 4000PO, 1? 8000PO
 1????????
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5.2.2 ????
??????6???. ??????????????????????????2.5%?
??? (???? 2.5%?, - ??? 2.5%?).
? 6: ???? (Latent Factor Ranking??????????Ray??????)
1????? PO?? 1000PO 2000PO 4000PO 8000PO
9x9 59.4%(3:0%) 52.3%(3:1%) 50.3%(3:1%) 51.8%(3:1%)
13x13 51.0%(3:1%) 56.4%(3:1%) 54.5%(3:1%) 57.7%(3:1%)
19x19 48.5%(3:1%) 49.1%(3:1%) 53.6%(3:1%) 55.8%(3:1%)
5.2.3 ??
?6????, 9???1000PO, 13???1000PO, 2000PO, 4000PO, 19???4000PO,
8000PO????, Latent Factor Ranking?????????? Ray? Minorization-
Maximization?????????? Ray???????????. ??, Minorization-
Maximization?????????? Ray? Latent Factor Ranking?????????
?Ray????????????????. ??????, ?????????????
????, Latent Factor Ranking???????Minorization-Maximization?????
????????????.
5.3 ????2
???????????????????????????????????????
????.
5.3.1 ????? 1
GNU Go????, 1????????????????????????. ????
??????????.
 ???? : GNU Go 3.8 Level 10
 ?????
 9?, 13?, 19?
 ?? 6.5?
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 ?????????? 1000?
 9? 1? 800PO, 13? 1? 3000PO, 19? 1? 15000PO
 Ray? 1????????
????????? 3x3????? d = 2; 3? 2??, MD2????? d = 2; 3; 4? 3?
?????????. ??????????????????????????????
???.
5.3.2 ???? 1
??????7???. ??????????????????????????2.5%?
??? (???? 2.5%?, - ??? 2.5%?).
? 7: ???? (????GNU Go ver 3.8 Level 10)
3x3 MD2
9x9 53.7%(3:1%) 52.7%(3:1%)
13x13 48.8%(3:1%) 56.4%(3:1%)
19x19 43.5%(3:1%) 65.0%(3:0%)
5.3.3 ????? 2
????????????, ??????????????????, ???????
????????????, 3x3????????Ray?MD2????????Ray?
??????. ??????????????.
 ?????
 9??, 13??, 19??
 ?? 6.5?
 ?????????? 1000?
 ??????????, 1? 1?, 1? 2?, 1? 4??????
 1????????
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5.3.4 ???? 2
?????? 8???. ???MD2????????Ray?????????. ??
???????????????????????? 2.5%???? (???? 2.5%?, -
??? 2.5%?). ??? 9??????????????????????????.
? 8: ????
1????????? 1? 2? 4?
9x9 42.7%(3:1%) 41.9%(3:1%) 41.5%(3:1%)
13x13 63.5%(3:0%) 61.2%(3:0%) 57.4%(3:1%)
19x19 82.0%(2:4%) 82.2%(2:4%) 84.7%(2:2%)
? 9: ???????????????? (PO/sec)
???????? 3x3 MD2
9x9 8500 7000
13x13 4250 3500
19x19 2020 1670
5.3.5 ??
? 7???????, ??????????????, ????????????, 3x3
???MD2?????????????. ????????????????, ???
???????????, ?????????????????, ??????????
??????????????. 9???????????, 1????????????
???????, ??????????????????????????????, ??
?, 13??? 19????????????????????????????????
??????????????????, ?????????????????????.
? 8????, ??????????????????????? 9????, ???
???? 3x3???????? Ray?????????, 13??? 19????MD2?
??????? Ray????????. ??????, ???????????, ???
???????????????????????????????. ??? 13???
?? 19??????????????????, ??????????, ???????
??????????????????????????????????.
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5.4 ????3
??? 3????????????????????????????.
1. ????????????UCB?
2. Criticality??????????
3. Ownership??????????
5.4.1 ?????
??????????????.
 ???? : GNU Go 3.8 Level 10
 ?????
 19?
 ?? 6.5?
 ?????????? 1000?
 1? 1000PO, 1? 2000PO, 1? 4000PO, 1? 8000PO
5.4.2 ????
?????? 41???. ?????, ??? 1????????????????.
???????????????????????????? 2.5%???? (????
2.5%?, - ??? 2.5%?).
??, ? 41????????
? ????????????????
? Ownership????
? Criticality????
?? Ownership?Criticality???
? ????????????UCB?????
? Ownership?????????????UCB????
?? Criticality?????????????UCB????
? ???????????????
??????.
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? 41: ???????????????????????????
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5.4.3 ??
? 41????, 3??????, ???????????????????????. ?
???????,?????????????????????????????????.
??????????????UCB??????, ????? Criticality?Ownership
?????????????, Ownership?Criticality???????????????
????????????????, UCB????????, ????????????
???????????????????????.
?? UCB?????????????????????????????????,
Ownership?Criticality?????????????????,????????????
??????. ???, ? 41???, ????, ??????????, ????????
????UCB??Criticality???????????????????????????
???????????????,????????????UCB??Ownership???
???????????????????????????????????. ????
???????????????????????????Ownership???Criticality
????????????.
5.5 ????4
?? 3?????????????????? Ray???????????????
????????????????????????Fuego [18]?Pachi [19]?????
???.
5.5.1 ????? 1
??????????????.
 ???? : Fuego ver 1.1? Pachi ver 11.00
 ?????
 9?, 13?, 19?
 ?? 6.5?
 ?????????? 1000?
 1? 1?, 1? 2?, 1? 4?
 ???????????????? 16????
 ???????????????
 ?????????????
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5.5.2 ???? 1
Fuego???????? 10, Pachi???????? 11???. ??????????
???????????????? 2.5%???? (???? 2.5%?, - ??? 2.5%?).
? 10: ???? (???? Fuego ver 1.1)
1????????? 9x9 13x13 19x19
1? 34.3%(2:9%) 75.7%(2:7%) 90.7%(1:8%)
2? 31.8%(2:9%) 73.3%(2:7%) 93.7%(1:5%)
4? 35.0%(3:0%) 78.2%(2:6%) 96.9%(1:0%)
? 11: ???? (???? Pachi ver 11.00)
1????????? 9x9 13x13 19x19
1? 53.5%(3:1%) 70.6%(2:8%) 88.7%(2:0%)
2? 52.7%(3:1%) 63.4%(3:0%) 88.3%(2:0%)
4? 49.0%(3:1%) 62.8%(3:0%) 87.1%(2:0%)
5.5.3 ????? 2
????????????????, ???????????????.
 ???? : Fuego ver 1.1? Pachi ver 11.00
 ?????
 19??
 ?? 6.5?
 ?????????? 1000?
 ???? 10?
 ???????????????? 8????
 ??????????????
 ????????????
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5.5.4 ???? 2
?????? 12???. ??????????????????????????
2.5%???? (???? 2.5%?, - ??? 2.5%?).
? 12: ????
???? Fuego Pachi
?? 93.2%(1:6%) 74.3%(2:7%)
5.5.5 ??
? 10?? 11????, 9???????, Fuego???????????, Pachi???
???????????, ????????????, 9??????????????
??????????????????????. ??? 9????????????,
???? 1????????, ??????????????????????????
??????????.
???, 13??? 19???? Fuego, Pachi??????????????. 13???
19????????????, ??????????????????????????
????????????????????.
9????, ????????????????????????, 13??? 19???
?????????????????????????????.
??? 12????, Fuego?? Pachi??????????????, ???????
??, ????????????????????????.
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6 ????
6.1 ??????
?????,??????????????????????????????????
?. ??, ???????, ???????????????, ????????????
???????????, ???????????????????????????.
?????????????????, ??????????????, Minorization-
Maximization????????? 2???????????????????? Latent
Factor Ranking?????????????????????.
?????????????????????????, ?????????????
????, ????????????????????????????.
????????????????, ????????????????, ?????
??????????????, ?????????????????????????,
?????????????????????.
6.2 ?????
????????????????????, Ownership?Criticality???????
?????????????????????, ????????????UCB???
????????????????????????, ???????????????
??????????????, ?????????????????????????
??????????. ?????????????????, ???????????
????????????????, ???????????????????????
????????????????.
??
??????????, ????????????????????????????
??????. ??, ???????????????????????????, ??
????????????????????????????????????????
?, ????????????, ?????????????????????????.
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A ??
A.1 ?????
????, ???????????????????? [17].
 ??
?????????.
 ??
?????????. ????????????????.
 ??
????????.
 ??
?????????.
 ?
????????????????????.
 ??
??????????
 ???
??????????. ?????? 0????, ??????????????.
 ??
??????????????????.
 ????
?? 1?????????????????, ????????????????.
? 42?? a???????, ????? , ? b???????, ?????, ? c?
??????, ????????????.
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B ????
????, ?????????, ????????????????????????
??????. ????????? [12]? [13]??????.
B.1 ????
??????????????????????????? 1???????????
?,??????????? 2???????????, ??????????. ????
?, ???????????????????. ???, ???????
P (x = k) =
 
n
k
!
pk(1  p)(n k) (18)
?????, ??????????????
p :????
n :????
k :????????
???. ????? n? p?????, ????????B(n; p)?????. ???? x
??????????, ??E(x)??? V (x)?
E(x) = np
V (x) = np(1  p)
???. ??? p^ = x=n????,
E(p^) = p
V (p^) =
p(1  p)
n
???.
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B.2 ?????????
De Moivre-Laplace?????, ?????????????, ???????????
????.
B(n; p)  N(np; np(1  p))
????? n????????????????, ???????????????. ?
????????????, ?????????????????????.
B.3 ?????
1??????????????, ???????????????????.
1. ???? H0 : P = P0(= 0:5),
???? H1 : P > P0?????.
2. ???? ???? (?????  = 0:05).
3. ????????????????R????.
????? P > 0:50???, u0  1:645???
4.
u0 =
r   P0p
P0(1  P0)=n
?????. ??? r?????????, n?????.
5. u0??????????????, H0?????.
???? 11? 1? 4?? 13??????????????????, ??? 0.628, ??
??? 1000????,
u0 =
0:628  0:5p
0:5  0:5=1000
=
0:128
0:0158   
' 8:10
???, u0  1:645?????, ??????? Ray???????? Pachi?? 1? 4
?? 13??????, Pachi???????????.
?????????? 2???????????, ????????????????
???????.
1. ???? H0 : P1 = P2,
???? H1 : P1 > P2?????.
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2. ???? ???? (?????  = 0:05).
3. ????????????????R????.
????? P > 0:50???, u0  1:645???
4.
u0 =
r1   r2r
r(1  r)

1
n1
+ 1
n2
 (19)
?????.
???, n1? P1??????????????, n2? P2???????????
??????. ??, r?
r =
x1 + x2
n1 + n2
???, x1? P1?????????????, x2? P2????????????
????.
5. u0??????????????, H0?????.
???, ? 7? 19?????????, MD2????????Ray(?? 65:0%)? 3x3?
???????Ray(?? 43:5%)????????????????,
r =
650 + 435
1000 + 1000
= 0:5425
???,
u0 =
0:650  0:435q
0:5425  (1  0:5425)  1
500
=
0:215
0:022   
' 9:65
???, u0  1:645???, MD2???????? Ray? 3x3???????? Ray?
???????????.
???????????????????????????????????? 2.5%?
??????????, ???? 5%?????????, ?? 5.0%???????, ??
??? 5.0%??????????, ???? 5%?????????, ?? 2.5%????
????????????????, ?????????????????. ?????
?, ?????????????????, ?????? 5%?????????????
??.
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